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Gradient Variations in Landscape Pattern from Northwest to 
Southeast in Tangjiahe Nature Reserve, Sichuan Province 
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CUI Shi-Fa ^, XU Xiao 
(1 Sichuan Provincial Key Laboratory of Environmental and Biodiversity Conservation, Nanchong 637002, China; 
2 College of Life Sciences, China West Normal University, Nanchong, 637002, China; 
3 Land and Resources College, China West Normal University, Nanchong, 637002, China; 
4 College of Life Science, Mianyang Normal University, Mianyang 621000, China) 


Abstrad:: To explore gradient variations of landscape pattern in Tangjiahe nature reserve, the belt transect (width of 2 km 
and length of 22 km) was set from northwest to southeast on the remote sensing vegetation image by employing GIS technol- 
ogy . Our results indicate that: (1) as a well-developed vegetation type, the woodland distributes widely in the nature re- 
serve and occupies approximately 91.65 % of the total study area . In detail, the evergreen broad-leaved and deciduous 
broad-leaved mixed forest is considered as background of landscape in the reserve because of biggest distribution area . In 
contrast, sub-alpine shrub meadow and farmland have lower heterogeneity degree because of small area and simple patch 
edge . (2) With space change from northwest to southeast, the landscape indices vary in three different ways at the land- 
scape scale: increasing, decreasing and no consistent trend . In general, value of some indices, such as edge density, 
mean proximity index, landscape shape index and mean patch fractal dimension, maintains a increasing trend along the belt 


transect, but the value of mean patch size index and mean nearest neighbor distance index decrease obviously . The other 
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indices such as Shannon s diversity index, Shannon s evenness index, largest patch index and interspersion juxtaposition 


index keep a steady fluctuate . (3) On the other hand, secondary deciduous broad-leaved forest, evergreen broad-leaved 


and deciduous broad-leaved mixed forest, coniferous and broad-leaved mixed forest and coniferous forest are dominant 


classes at the patch scale, and have obvious peaks in variation of landscape indices value along belt transect in the reserve . 


K ey words: Gradient analysis; Landscape pattem; Vegetation landscape; Landscape Index; Tangjiahe nature reserve 


uuuuddturllu. (а 00000 
ИЉА ВАМА e TES EFE НДЕ А АИ ДА EE P] 
uguumaagauuHudturiulululu aut. 
2000; Wu, 2004; O O O O , 2004), ПОП 
ugumauliutuululuiululilltuttLtutlLtl 
HANDA AH EUU DO 0000, 2009; 
000, 2003; O O O , 2003; Luck and Wu, 2002; П 
ООО, 2005000, 000000000000 
АУЕ АВНА ШЕЕ И 
Е АЕ ЈА ов HELD 
ШШ ДЕ B B dH ЕН ЦЕ ШИЙ 
(Luck and Wu, 2002; Wu[] , 20029[] [1 00000 
RSO 500, 000000000. 00000 
ugumauliuuuuliuuliluiltuttLtutlLtl 
ОО0000000 00000000 «d ut 
По 0000000, 000000000000 
пП00000000000000000, 000 
ШППШШПППППШППШППШППППППП 

пП0000000000000, 0000 
ЕТЕ И ЕЛЕ ЕЛШДЕ EEG АМУ 
СЫТА До» 2005 И ШЕШШ ОРАО А Gb 
О ОРО ДАТА ВА АВА У А А s SEE ДАО ИТ 
0000 (01000, 2002) 01000000 
(0000, 2005)00 00000000000 
ПП (90,20) 0, 000000000 
ШЕШШ ШЕЕ ШИ ТТ ЛЕШ ИЛЛ E 
uuuuuluutluluttuuluttLululutLtLu 
п000000000000000, 00010 
[ШИШ ЈЕВ И UHER SER E EP И Ш 
п00000000, 0000 500000 
п00000000, 0000 ArcView GS | 
uguuüuuluuutluluttulultLululutlLtLuu 
п0000000000О 00000, 00 
пПООООООООООООООООО 


L- BE E 


ЕД Д О ЕЕН ЕЕРЕЕ В 
ППП,ППППППШПППП 104 24 Ц 104" 
53, П 0 32:32 0 3241 , O O O O 24.5 km, [| 
000 18.5km, 0000 400km, O00000 
п00000000000, ИШЕДИ. 
uguauuuusuuuuuluuuultluliullL-.u 
ПО000000 3864m, ОП0000000 1 
250 m[] ППППППППП 1021.7 mm, (00 
ПОП 12°С, (0000 0 0 ( 1337.6ћ 1978 
ШШ ШЕШЕНЕ ДШ: 1986-Ж ОВАН 
ШАШУ ЛАА ВА А ИНД ДУ Н 
0, 00000000, 00000000600 
ПОЕ Р ЕАО АА MH 
ШПШППШППП 
racilis)|] [| [] (С Cinnamomum longepaniculatum)|] П 
000 (тает limpricht) ; Q D DU U B LU. UL U 
uuuiuutstutuululultlutluttLtLtludüu 
П ( Betula utilis)L] ПП U 
0; 00 000000000000 
mastogyne)|] П [] П € Acer. тататеит) П П П 
(Acer davidii) [] ; П000000000000 
П O (Picea brachytyla)[] П O O | € Pinus armandi)[] 
UDO (Buga chinensis) П; OO UU D DU U DU U 
uguuduatuuulululLlululli.cAbes fabri) 
Dod ШШК EP ШЫ b E BE 
subalpina)l]] П O П OU ( Carex souliei)[] [] П U 
(Anemone spp ) O; uU U ü BH B DU D. U 00 
[|] ( Rhododendron violaceum)|]| [| П O (С Potentilla 
fruticosa) ПП 0 
0 (0000, 2005; 0000, 19990 


( Cyclobalanopsis glauca var. g- 


( Tetracentron sinense ) 


( Alnus cre- 


( Festuca 


( Sabina squamata var. wilsonii ) 


2 0000 
2.1 000000 

00 ЕКрА5П 0000000000 70 (LAND- 
ЅАТ-7) П 20010 30 100000 ЕМ 000000 
00000, 00000000 000000000, 0 
ШШШППП тм тмир тм50 0 (000, 2002)000 


10 0000: OOOO 51 


ОВООоООоОоОоОоОоОооооооо, 00000800 
00000000, 0000 Signature Edito [] Evaluation [] 
uuu guUutut.lut t ERDAS 
IMAGINE 9.1 [D D] EL EL BLU. D] UO. OUO. D D] 00000 0 
000 «ar muuuiuagtututututututtuteututlu 
03 0000000 000, 203; [] O 1. 2005) 
0, 00000600 85%00000000 x ЭП 
2.2 [B D UO OL OE ET ET U 

00 0000 00 0 000000 00000, О 
п0000000, О00000000000000 
ООООооОоОооОоооОооооооооооооро 
ООООООоОоооооооооооооооооо 
ШШПШШПШПШПППП 00 00000000000 
0o00. 0000000, 0000, 00 ArcView 
ОБЦПЦПШППШПШПППШППШШПППППШПП 100 
0, 0000 2km, 00 22km, O0 OO D D. 2 ках 2 km 
О 100000 U Du 
2.3 D BILD D EL EL U DI LI] 

ugummgmuumugu.tmguutututtuubitullu 
00 (Саз aea, САП О 000000001000 
(Number of patch, NPO [] D] DH] D] H] E] HO UO D D (О сто 
tal ede, TE[] HL. D. D. U] D] HH B] D. B. UO. DH] E] OLD. UU 0 
(Edge density, ED)[] BD H1 D B] B H1 B. H] 0 HI. D LU U 
(Mean patch size index, MPS)[] [] [] [1 E] E] EH] HD] EH] HD] EH. 0 


ж ЛЕ БА Hesdennal area 


Ф РЕ Proiestive beadgquarier 
L] HIP Раме statian 


ГАТА ҮНД Hiver 


A Чы! 
И Ношыйшку 


2 {в 2 2 ü 





[|I DE] D DE E] 00 (Mean Shape index, МП O O D D 
uuuguuiuuuuuigluututulubu 
patch index, LPD[][] HL HL HL BD D B B. D HE BUE U D UU 
П П (Mean patch fractal dimension, MPFD)[] 000000 
uumuuuutututuutututtt ll (Mean proxim- 
ity index, MPD[] [1L] D] E] E] E] E] E] E] E]. D. D. D. U U U О 
00 (Landscape shape index, 15100 DD DO DO 00, 
umumguumggBmuBBtuguut 
juxtaposition index, IDO D DD DDD uuu. ut 
00 0000000000000 
neighbor distance, MNN) 000000000000 U U 
0000000 (Shannor s diversity index, SHDI) O П 0 
ПОО ЕС Оаа ОСОО 
index, SHED П000О00000000000000 
ОО000000000000 0 0 00 Мобапга | 
Магкѕ П Fragtas Џ(]И00000000 (McGarigal and 
Marks, 1995; O [] O O , 2005) 


(Largest 


( Interspersion 


(Mean nearest 


(Shannon s evenness 


+ ШШШ EN 

31 ОПООООООООО 
ППШШШШППППШПШПППППППП 

пООоосоосоосооооооо 

199) 0 ПП AreviewGIST] D DD D BO D U D 


( Forman, 


[BEI dice ipn p 
Evergreen hnsnl-leaverd fors 

уза Hok 

Ssconalary decimis broad- 

Лаон! forest 

iris itu tbe bk 


Evergreen hroad-Teaveil and der- 








їйгє hrmad-Jenvel mixed Tanz 
SE PTE SE 

Coniferous und broad-leavesl 
поли | forsi 


ПА Сото ora 

Ж ЙЕ А, Subalpine shrab 
Ж x ila 3 d] Subulpine meadow 
B +, Apine shih 
B) uiu River 

BS oun Farmari 





Е Кант 


а -- 


5 |4[3[2 | T EE dy Beli transei 


D: 000000000000000000 


Fig.1 The vegetation types and setting of belt transects in Tangjiahe Nature Reserve 
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Table 1 Те landscape characteristics of vegetation in Tangjiahe Natural Reserve 


















































Index A B C D E 
CA (hm? ) 320 6867 12265 8349 6387 
CA 96 0.86 18.41 32.88 22.38 17.12 
NP 197 4203 1018 1220 705 
TE (km) 189.3 4788.2 4273.9 2869 .7 1539.3 
ED 2.10 26.55 47.43 31.85 17.08 
MSI 2.08 2.31 2.15 2.17 2.13 
IJI 28.75 39.65 49 .46 56.36 36.53 
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Vegetation type 

F G H I J Landscape 

1094 422 95 990 513 37302 
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480 176 79 498 279 8855 
483.0 168.2 73.7 439.3 279.8 15104. 4 
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1.83 1.70 2.06 1.81 1.90 2.01 

58.67 64.72 34.80 72.31 43.48 48.47 
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notes: |] A: Evergreen broad-leaved forest; B: 













































































Secondary deciduous broad-leaved forest; C: 























Evergreen broad-leaved and deciduous broad-leaved mixed forest; D: 















































Coniferous and broad-leaved mixed forest; E: Coniferous 



































forest; F: Subalpine shrub; G: Subalpine meadow; H: Alpine shrub; I: River; J: Farmland 
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Fig.2 The gradient variation of the indices on the landscape scale 


ШИН ДИ ЕЧЕИ ШЕН Л E 00 


ПА АД А а 
ПП 2c0 сАППП, SED sH Nn f] 


00000 0.370 0.820 000 0.710 1.36 [] 


ШШШШШШПШ; O ТРИ ug nig dull 
15.910 26.99 0 D ПП 72.470 58.570 000, 


54 0 0 ПОП 0 0 310 


ШШШ ШШШ s00 ga ШП 
[ШШ Bp ШУ ДАДЫ ЕШ А ДШ И ШЫЛД 
ПГ ШАТ ДШ АШИ ШШ П 
3:3- SH BOE EE WP НИНИ ЕВЕ 

ШЕ ШАПАН ШИ ШЕШ ДЕДИН О 
0000000, 00000000 NPO Юр 
САД MPS[] MSI[] LPI[] MPI[] TED MNN р IJIIO 
000000 1П000000000000< 
[ШШ ШШ ДА ДҮ ЕШ Ж ЖАҢ Д УНШ 
п00000000000000000000, 
BEP ПАПИ ШУ e E Ае КА ОВ TH 
ШПППШППППППШППППППППППППП 
ПАШТЕТА АТА ОЕ ЕЕ ШЫДА УН 
000000, 00000000 400000 
000000000 «a ag 

003000, 0000000000000 
0, 010 000000 САП ЕБ TED ШЕШ 
15.23 hm [] 15.530 14.740 кп (ПП 30) 0000 
ПОП 189.16 һар 116.48[] 115.760 km (0 0 9 
0>); NP[] AO MI [] BL HL OL . 0000600 
0, 00000000000; 0 МР5] МУ |] [] 
000. 000000Ã00 000M Ut pr 
00000, 00000000000000; 0 
000, 00000000, 0000000600 
ША А Ме RI EP E E BE ТЕ АА 
0, 0000, 000000000600 

000000000, САП МР5] ІРІ МР 
ППППППППП 377.91 hm [0 41.990 70.640 
22573, П000000000 00 220.81 hm f] 
4.330 15.910 2 301.40 0 0 0 0 00 0 375.35 
hmi [] 23.460 72.470 26 661; П NPO MNN [] D 
ШШ Sr pl УШ E EE БК ҮШ ДУ ЕП 
ЕРО0О00000 0000000000600 
0 O 110.620 km[] 215.57 (ПП 90>); ПП 
МЫПППППППППП. лооооооо 
НА УВА А Е А ТЕА А ВОДАЧА 
ШШ ШШ ДШ EE У ИШ ВД 
ШППШПППП;ШППППППППППППП 
Ш.Ш BE BE 

HERE ЕШ ЕДИР ЫЙ e ИД ДАШ Ho 
а АИ МА КЕЙИ ЕЕ ЙҮ ЈИ ОНИ а H 
000000000, 00000000, 00 


ШШШ ШЕШЕДИ ЕД ЛЧ ИДИШИ 
ПОО, 000000, 00000000800 


Ж.А 

ПО, O Whittaker (1975) [] D] H [I] DB LH LH 
uuuHuuiumuultLmulultlutluttLluu 
(Kowarik, 1990; Sukopp, 1998; ПП O O , 2008) 
OOOO O CMeDonnell and Pickett, 1990) [] П 
0000, 000О0ООООоОО Ооо 
00000 (000, 2000; 0000, 202; р 
00000, 29950 00000000ОООП 
ОООоОоОо, 000000000000 оО 
ООООоОоОоОоОоОооОооооооо, OU 
ПП =50 00000000000 00000 
0. 0000000000000 000000 
ПОООСООООООООООООО 

ШЕЖЕ Ee ДИМ СИА) НЕЙ тт SEA 
ШШППШПШППППППШШППППППШПШППП 
ШШ АУН Ае и ТА А ВА ИНД 
ЕЧ ШИ ЙИШ И ИЙИН ДҮ 
ШШ в. ТУШЕЧ ЕЕЕ ЕШ О 
пП000000000000 000, 00600 
ШШ TES E ЛА ДАНА А АЛА АЛА АЕ О НП 
ugugaguusuuaguiuuutultlelulllulu 
Me ШК TEU OGE ШИ ЕИ ИШИДИ 
п0000000000, 0000, 00600 
Ма И ЕЕ ЕЙ ЕБ ШҮҮ ШЕ ЫН Л 
п0000000, 000000000000 
ШШП,ШПШППШПШПШППШП.ППШППППШПШПШП 
ШШПП,ППШПШПШППШШПП.ПППШПШП 
0. ООООООООООООООООООО 
ШШ КАША ЕШ ЕУЕН АОЛ ПН УШИ Л 
00000, ШШШ ШШШ ШИШ. ПД 
ШШПШШПППП.ПШШППШПППШПШППП 
п000000000000, 00000600 
ШАШ ГЕШ ђак АУДИО АИ А 5,26 
O 1ОПШППШПШПППШПППШПППШППППП.П 
uguauuuusmuuuluiultlulultL:-.u 
0000 10К®[] Мкт1000000, 0 14 
km[] I8 ктО000000000000, Ll 
uguuuuliiumuululuilultlutlttLlulu 
п00000000, О00000000000 


TEH: ЕН 


Number of pateh index 


FEHEM 1 


Claas arena index 


TEPEL А E1458 $3 


Ie X BEES EX 
Largest pateh index 


EER RIES 


Меап shape inde к 


Mean pateh size index 


uggug:aggnaupnaguumnagumnpnagagpnagumdgliutu 


T= | —а—{. 
=== [у == | 


[N 
во | | 


40 





| 23456 7 91011 
HIERA pp RE JT 
Chiadrats in northwest-aoutheast direction 


= | =й {: 
=p — E 








330 
300 
230 
200 
150 | 
100 

50 


| 2 3 4 5 6 7 E 9 MW ll 
Pi JE 35 ЖЕТИ ЈУ IRE EE 27 


Quadrata in northwest-southeast direction 


=== |} 


=== (; 





1 2 3 4 5» 6 7 8 9 10 H 
Pit dc ЈУГА 


Quadrats in northwest-southeast direction 





| 2 3 4 5 6 7 8 9 10 11 
PH-IE ЖЕ ЖЕТИ 73 In FE 27 


Са га! in nori west-southensi direction 


4.0 
3.5 
3.0 
2,5 
2,0 
1.5 
1.0 
0.5 
0.0 


= | 
—— [t 


—— 1: 
= Е 





| 2 3 4 5 b 7 B 9 10 11 
HEERA 27 np E 27 


Quadrata in northwest-southeast direction 


[] 3 


BARER 
"Total edge пех 


Е НЕ 


Mean proximity index 


EE TUA 


EHRM 
Edge density index 
= 


Mean nearest neighbor distance 


Тї ERU MR 


ППППППППППППППППП d: 


55 


250 





| 2 3 4 5 6 7 R 9 [0 Il 
IPAE Ж КЕ Jr HEN 
Quadrats in northwest-southeast direction 
300 
250 


<= | 
== |} 


-—U 
-E 


150 





| 2 3 4 5 6 7 B 9 IO Il 
IF] AE Ж РЕ 27 I] FE 


Quadrats in northwest-southeast direction 





н 
= 0 mp = С 
= 70 -—D ---E 
= 60 
Ж 50 
= 40 
= M) 
= 20 
Ж 10 
= 0 
t 12 3 4 56 7 8 9 1011 
m P 1E 32 ЖТ 7s np FE 27 
Chrardlrats in norihwest-southeast direction 

140000 
10000 | 
ПИК 
ILE 
СК 
40000 
20000 

0 





|23 4 5 6 7 8 9 10 11 
i dE а rpg Jy m BEI 


из гаће iri nari iwesi-southeasl direction 





| 2 3 4 5 6 7 & 9 10 11 
РУТЕ а 3 18] ЈУ Ip FE Л 


Quadrats in northwest-southeast direction 


В] ЕПП 1) 


Fig.3 The gradient variation of the landscape indices for the different vegetation types (В-Е is as the same as table 1) 
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